The 'dear enemy phenomenon' was first defined by Fisher (1954) to explain neighbor--stranger interactions characterized by reduced aggression from territory owners towards familiar individuals established in neighbouring territories compared to unfamiliar individuals. Residents respond less strongly to the intrusion of familiar or trusted individuals than to strangers (individuals with whom previous encounters with residents are unlikely because their territories are too distant) or floaters (Temeles 1994) . Such a phenomenon has been observed in numerous territorial species, including songbirds (e.g. Brindley 1991), non-songbirds (e.g. suboscines, Lovell & Lein 2004; Falls & McNicholl 1979) , mammals (e.g. Randall 1984) , lizards (e.g. Husak & Fox 2003) , amphibians (e.g. Bee & Gerhardt 2001a) , fish (Leiser & Itzkowitz 1999) and insects (Pfennig & Reeve 1989) . The function of the dear enemy effect could be to minimize the energy expended on aggressive acts or to prevent escalated conflicts between neighbours. Adjoining neighbours can thus use these time and energy savings for other aspects of their time budget such as attracting mates or tending to young (Ydenberg et al. 1988; Temeles 1994 ).
The hypothetical bases for such neighbourhood relationships are the familiarity existing between individuals and the relative threat posed by different categories of individuals. As neighbouring territory owners become more familiar, role mistakes become less likely and the intensity of aggression between them decreases ('asymmetric war-of-attrition', Ydenberg et al. 1988) . Furthermore, as postulated by Temeles (1994) , residents may lose both their territory and their mate because of interactions with strangers whereas they may lose only their mate from interactions with neighbours already in possession of a suitable territory. As a consequence, residents respond more aggressively to strangers that constitute a more serious threat than to neighbours. Conversely, in species with high territorial instability, males, females or both sexes do not respond differently to neighbours versus strangers (e.g. strawberry dart-poison frog, Dendrobates pumilio : Bee 2003 ; rail, Gallirallus philippensis: Lachish & Goldizen 2004) . Furthermore, the reverse phenomenon in which individuals react more strongly to conspecific neighbouring colonies or groups than to distant ones has also been observed. Being 'nasty neighbours' instead of 'dear enemies' seems to be the rule in social insect, mammal or bird species with intense competition between neighbours (e.g. northern harrier, Circus cyaneus : Temeles 1990 ; the termite Nasutitermes corniger: Dunn & Messier 1999 ; the ant Pristomyrmex pungens: Morimura et al. 2003; banded mongoose, Mungos mungo; Müller & Manser 2007) .
As inferred from the theoretical bases, territorial response to neighbours has been shown to depend on their level of aggressiveness (Hyman & Hughes 2006) . Consequently dear enemy relationships may be influenced by changes in the social situation or in the competitor's condition, motivation or intention. For instance, during increased flux in boundaries, caused either by the appearance of a vacant area between two territories (song sparrows, Melospiza melodia: Stoddard et al. 1990 Stoddard et al. , 1991 or by the arrival of new birds claiming territories (Carolina wren, Thryothorus ludovicianus : Hyman 2005) , neighbours and strangers seem to constitute equal rivals for residents. In the same way, males were more aggressive to their neighbours during and after playback simulations of neighbour aggression (Stoddard et al. 1991; Godard 1993; Naguib & Todt 1998) . Hence, accepting neighbours as dear enemies is a Tit-for-Tat conditional strategy which ends if neighbours fail to respect mutual territorial boundaries (Trivers 1971; Axelrod & Hamilton 1981) and which is stabilized in part by retaliation against cheaters (Molles & Vehrencamp 2001; Olendorf et al. 2003) .
The conditional tolerance between dear enemies is thus expected to be a dynamic process. In this study, using an experimental approach, we characterized the establishment of dear enemy relationships of a territorial songbird and followed the interactions between neighbours throughout the breeding season. The skylark settles in pairs in adjacent territories in open landscape during the breeding season, from February to the end of July (Delius 1963) . Owing to the heterogeneity of the habitat, territories are concentrated in particular locations and individuals are thus gathered in distinct small groups of 'neighbours' spaced by a few kilometres from 'strangers'. Skylarks show strong site fidelity within and between breeding seasons. Thus, both males and females have a strong tendency to return to the same breeding location from year to year (Jenny 1990) . Throughout the breeding season, males defend multipurpose territories and are fiercely territorial (Donald 2004 ). On their territories, they display a wellmarked behaviour by flying towards intruders, making threat postures or even fighting. As in other oscine species, song production is part of the territorial behaviour: each male produces one of the most complex songs among oscines consisting of more than 300 different sound units (Aubin 1981) . Linked to the spatial distribution of the males, microgeographical variation exists in songs and constitutes a group signature used by residents for discriminating neighbours from strangers (Briefer et al. 2008) . However, these neighbours are likely to be unfamiliar individuals at the time of their first encounter when arriving in the breeding area to settle on territories. We thus explored when, in natural conditions, dear enemy relationships were seen and whether they persisted throughout the breeding season.
To this end, we carried out playback experiments with stranger and neighbour songs at three periods of the breeding season: at the beginning during territory settlement and pair formation, in the middle when territories were well established, and at the end when young birds of the first clutch became independent and began to fly. We predicted that the dynamic process of establishment and maintenance of a dear enemy relationship would be influenced by familiarization with the acoustic cues necessary for neighbour identification and by the relative threat presented by neighbours compared with strangers, as potential usurpers of territories and mates, throughout the breeding season.
METHODS

Study Area, Subjects and Song Recordings
The experiment was conducted during the two breeding seasons of 2006 and 2007, from February to June, in the fields surrounding the University of Paris 11, France. A total of 23 males were tested. Thirteen males were tested twice during the same breeding season, at the beginning and in the middle (five males from two locations in 2006 and eight males from four additional locations in 2007), and 10 different males from three additional locations were tested only at the end of the season in 2007, corresponding to two to four males tested per location. We did not test the same birds three times to prevent habituation, which appears after a few signal presentations and persists for life (Aubin 1981 (Aubin , 1982 . At one location, males were established in adjoining and stable territories and we refer to them as 'neighbours'. The mean number of neighbours (group size) within each of the nine locations of our study ± SE was 8.25 ± 0.80 (range 5-12). We refer to males from two different locations situated at least 2 km apart as 'strangers' (Briefer et al. 2008 ). We could not ring the birds because skylarks are extremely difficult to catch during the breeding season, but, as site tenacity is very strong during this period (Delius 1965) , we could easily identify individuals by observing their position and movements, especially when they were performing flight songs. We estimated the boundaries of the studied territories after numerous and careful observations of the birds' movements at different times of the day. GPS coordinates (Garmin GPSMAP 76S, Garmin International Inc., Olathe, Karsas, U.S.A.) were recorded at the centre of each territory. At the beginning of the breeding season, boundaries between territories were more disputed and more intrusions were observed, but the spatial distribution of territories remained unchanged throughout the season. The territorial song is usually produced from mid-January until late July (Lange 1951; Delius 1965) . We recorded several songs per individual at the beginning of the season, from the middle of February to the end of March, between 0900 and 1200 hours Eastern Daylight Time, using a Marantz PMD 690 digital recorder (sampling rate: 48 000 Hz) connected to a Sennheiser ME 64 K6 omnidirectional microphone (frequency response: 30 Hz to 20 kHz ± 1 dB) mounted in a Telinga Universal parabola (diameter: 50 cm). Song files were then transferred to a computer and high-pass filtered (cutoff frequency: 1600 Hz) to remove the background noise. Avisoft SASLab pro version 4.31 software (Specht 2004 ) was used for the preparation of song playback stimuli.
Signals Tested
We broadcast two categories of songs to each subject tested: a familiar neighbour song (N) and a stranger song (S). We selected songs from our recordings, and all the selected songs were adjusted to the same duration by taking the first 90 s. Using Goldwave version 5.11 (Craig 2000) , we rescaled each recorded song to match the root mean square (RMS) amplitude of the different songs at the same output level. For one given subject, the N song broadcast was a song produced by one of its adjacent neighbours, while the S song was a song produced by an individual established in a territory situated in the most distant location within the study site from the subject's one. To avoid pseudoreplication , a different N song was prepared for each subject, and two or three different S songs were prepared for each location.
Playback Procedures
We carried out three distinct sessions of playbacks. The first session was conducted during the period corresponding to the settlement, from the end of February to the middle of April (beginning of the season: period 1). The second session was conducted just after the hatching of the first clutch, in May (middle of the season: period 2; Delius 1963). The third session was conducted in June (end of the season: period 3), just after the hatching of the second clutch. Trials were carried out between 0900 and 1200 hours Eastern Daylight Time. Experimental songs were played back with a Marantz PMD 690 digital recorder connected via a 20 m cable to a 10W Megavox Pro mega-6000 loudspeaker (frequency response: 400 Hz -10 kHz ± 3 dB), at the intensity estimated to be normal for the birds ( � ± SE ¼ 90:8 ± 0:8 dB sound pressure level measured at 1 m from the loudspeaker with a Brüel & Kjaer 2235, linear setting). The loudspeaker was positioned on the ground at approximately 5 m inside the territory of the subject, on the side of the boundary shared with the neighbour whose song was used as a stimulus. The experimenter stood 20 m from the loudspeaker. One N song and one S song, separated by at least a 5 min delay, were broadcast on the same day to each subject in a random order of presentation. The playback was initiated when the subject was standing on the ground inside its territory at more than 10 m from the loudspeaker, just after it had been seen singing and when adjacent neighbours were quiet. To avoid habituation (Aubin 1982 ), each subject was tested only once per playback session with the two categories of songs. For each subject tested at both period 1 and period 2, the same N and S songs were broadcast from the same position following the same procedure in the two playback sessions. Thus, observed responses cannot be attributed to a difference between the songs played back at these two periods. The number of elapsed days between periods 1 and 2 differed between individuals ( � ± SE = 45 ± 5:3 days N = 13).
Measures of Response and Statistical Analysis
For each trial, the response of the bird was scored by the observer during 180 s, corresponding to the broadcast of 90 s of continuous song and 90 s of postplayback silence. Skylark males display a very strong territorial behaviour with stereotyped patterns, which are easy to observe (Delius 1963) . A male reacts vigorously against territorial intrusion by flying towards the intruder and by landing in its vicinity or flying low over it. It then takes a fight posture, head and crest up, and utters threat calls. Thus, we chose to record 11 measures of response to assess the effects of the different categories of songs played back (Table 1) .
We used principal components analysis (PCA) based on the correlation matrix to create a composite score with the measures of response scored during the 180 s of trial, which are likely to be correlated (McGregor 1992) . The PCA was performed on the responses to N and S songs of subjects tested at both period 1 and period 2. The scores of the first principal component (PC1) were compared by using a twofactor repeated measures ANOVA, the first factor being the playback session (period 1 or 2) and the second being the category of song played back (N or S). Further post hoc comparisons were made with two-tailed Tukey honest significant difference (HSD) tests.
As the third playback session (period 3) was done with a different set of subjects to the first two sessions, the eigenvectors extracted from the PCA generated with the data from the first two sessions were applied to the data from the third session. The resulting scores from the first principal component (PC1) obtained for the playback of S and N songs were compared by using a t test for dependent samples.
We compared PC1 scores obtained for each category of song played back at period 3 to PC1 scores obtained at periods 1 and 2 by using t tests for independent samples. A sequential Bonferroni adjustment was applied to these comparisons and all results retained significance when P < 0.025 (i.e. 0.05/2 as two comparisons were made: period 1 versus period 3, period 2 versus period 3). 
RESULTS
Although the two categories of songs (N and S) were randomly broadcast to a given subject, we tested for each playback session the possibility of a confounding effect of habituation or increasing aggression caused by an order effect. A t test for dependent samples with the order of presentation of the playback treatments as repeated measures and the responses of subjects as the dependent variables revealed no order effect for any of the playback sessions (period 1: t 12 = -0.78, P = 0.45; period 2: t 12 = -0.53, P = 0.60; period 3: t 9 = 1.15, P = 0.28).
The first principal component (PC1) explained 34.8% of the variance in the responses measured. The durations of movements at different distances from the loudspeaker, the latencies to approach at less than 10 m and at less than 5 m from the loudspeaker and the time spent at less than 5 m from the loudspeaker were strongly correlated with PC1 compared to the other responses (Table 2 ). Higher positive values of PC1 corresponded to a stronger response, that is, subjects spent more time in movements, approached closer to the loudspeaker after a shorter latency and produced more calls. A comparison between PC1 scores obtained at period 1 and period 2 revealed a significant interaction effect of the test period (1 or 2) and the category of song played back (N or S) on the subject's responses (repeated measures ANOVA: F 1,12 = 16.08; P < 0.01). Further post hoc comparisons revealed that subjects responded significantly more strongly to S songs than to N songs at period 2 (Tukey HSD test: N = 13, P < 0.01), but the difference was not significant at period 1 (N = 13, P = 0.82; Fig. 1 ). The responses of subjects to N songs were stronger at period 1 than at period 2 (N ¼ 13, P < 0.01; Figs. 1, 2 ), but the responses to S songs were not significantly different between these two periods (N = 13, P = 0.58; Figs. 1, 2).
At period 3, a comparison between PC1 scores showed that subjects' responses to S and N songs were not significantly different (dependent samples t test: t 9 = 1.29 P = 0.23; Fig. 1 ).
Comparisons between the PC1 scores obtained at period 3 and the PC1 scores obtained at periods 1 and 2 showed that responses of subjects to N songs were stronger at period 3 than at period 2 (independent samples t test: t 21 = -3.03, P < 0.01; Fig. 1 ), and that there was no significant difference in the responses of subjects to N songs between periods 1 and 3 (t 21 = 0.83; P = 0.42). The subjects did not respond significantly differently to S songs between periods 1 and 3 (t 21 = 0.92, P = 0.37), and between periods 2 and 3 (t 21 = 1.75, P = 0.10). Measures that contributed most to the particular compound variables are in bold. The second principal component (PC2) explained 15.3% of the variance in the responses measured. The duration of songs and the latency before the first song were strongly correlated with PC2 compared to the other responses (Table 2) . No significant effect of the broadcast of the two categories of songs on PC2 scores was found (periods 1 and 2: repeated measures ANOVA: F 1,12 = 1.53, P = 0.24; period 3: dependent samples t test: t 9 = -0.29, P = 0.78) Figure 2 . Individual PC1 scores (N = 13) for playbacks of (a) neighbor song and (b) stranger song at the beginning and in the middle of the breeding season. Individuals are identified by a number. Differences between the beginning and the middle for playbacks of neighbour song are significant (see text for statistics).
DISCUSSION
Our goal in the present study was to follow the changes in dear enemy relationships in groups of territorial songbirds tested in the field at different periods of the breeding season. Skylark males showed neighborstranger (N-S) discrimination, or more exactly familiar-unfamiliar discrimination, consistent with the dear enemy effect in the middle of the breeding season when territory boundaries were well established and stable. When a territorial intrusion was simulated by playback, males indeed reacted more strongly to stranger than to neighbour songs, spending more time moving, approaching closer to the loudspeaker and after a shorter latency, and producing more calls. Numerous other bird species also show such discrimination (Falls & McNicholl 1979; Brindley 1991; Molles & Vehrencamp 2001; Lovell & Lein 2004; Skierczynski et al. 2007 ), but very few have a repertoire as large as that of skylarks. In oscines, vocal N-S discrimination may be hindered by large song repertoire size (Kroodsma 1976; Godard 1993) . Thus, our results do not fit with the 'repertoire constraint' hypothesis (Krebs & Kroodsma 1980; Falls 1982) , which suggests that the task of memorizing a repertoire becomes more difficult as the size of the repertoire increases.
We showed also that a different pattern is obtained at other periods of the breeding season, and that neighbours do not seem to be considered as dear enemies throughout the season. Hence, territory owners did not respond differently to neighbour and stranger songs at the beginning and at the end of the season. Furthermore, although we could not test the same birds throughout the season, our results show that the responses elicited by neighbour songs were more aggressive at the beginning and at the end of the season compared to the middle, whereas the responses elicited by stranger songs did not vary across the season.
Changes in dear enemy relationships observed through the breeding season, between the period of territory settlement and pair formation and the period just after the hatching of the first clutch, could be explained by an increasing familiarity between birds (Ydenberg et al. 1988; Getty 1989) . Just after their arrival in the breeding area, individuals are unfamiliar with each other's songs or, as skylarks' site fidelity from year to year is strong (Jenny 1990) , have not heard each other's songs for at least several months. They thus may not be able to discriminate neighbours from strangers on an acoustic basis. Over time, within a given location, neighbours have many occasions to hear and to become familiar with each other's songs. They may thus learn (or familiarize themselves again with, if they returned to the same site) the acoustic cues necessary for identifying the members of their group. Such a 'group signature' exists in the neighbour songs of this species, as found in a previous study: several sequences of syllables are shared by neighbouring birds and are used by birds for N-S discrimination (Briefer et al. 2008) . Once this signature is learned, males should thus be able to make an accurate N-S discrimination and to show less aggression towards their neighbours. However, the loss of dear enemy relationships at the end of the breeding season cannot be explained by a loss of familiarity with neighbour songs.
Observed changes in dear enemy relationships could also be linked more generally to a habituation process. Habituation is a learning process leading to a decrease in response to a repeated stimulus and has been proposed as a mechanism responsible for the dear enemy effect (Brooks & Falls 1975; Peeke 1984; Petrinovich 1984; Owen & Perrill 1998; Bee & Gerhardt 2001a, b) . Residents may habituate to the different communication signals of their neighbours by being repeatedly exposed to these signals across shared territorial boundaries. For instance, skylarks have been shown to reduce their aggressive response after a repeated exposure to the same territorial song (Aubin 1982) . However, in our study, the recovery of an aggressive response to the neighbour song at the end of the breeding season indicates that the process underlying reduced aggression between neighbouring male skylarks cannot be habituation alone.
The changes that we observed could also be correlated with modifications of female receptiveness. The threat that an intruder poses to a resident may be to invade part of its territory, or to engage in extrapair copulation with its mate (Temeles 1994) . In skylarks, the extrapair copulation rate is high (20% of extrapair offspring, Hutchinson & Griffith 2008) and male skylarks are known to use a 'mate-guarding' strategy to reduce this rate (Donald 2004) . If its female is sexually receptive, a resident may indeed be more likely to be cuckolded and may thus increase its attention and aggression towards its neighbours to prevent extrapair copulations. Female receptiveness is high during the period immediately preceding nest building and egg laying. Our first playback session was conducted before the first nest was built, and our second and third playback sessions were conducted just after the hatching of the first and second clutch, respectively. It is likely that the subjects' females were in a similar sexual state during these last two playback sessions but we observed a difference in the subjects' responses to neighbour songs. Thus, this hypothesis cannot explain all of our results.
Lastly, the observed changes in dear enemy relationships in the skylark could also be explained in the light of changing ecological conditions related to the progression of the breeding behaviour, associated with the relative threat hypothesis proposed by Temeles (1994) . During territory settlement and pair formation, territorial boundaries are in constant flux and pairs are not stable. Thus, neighbours and strangers, as potential usurpers of their territory or mate, constitute a similar threat for the residents. Individuals may discriminate between these two categories of intruders but treat them equally aggressively as they both present a risk. During the breeding season, territory borders become less disputed until the time they become well established and pairs start to lay eggs. After the hatching of the first clutch, the neighbours no longer represent any real threat for territory owners. At this time, treating neighbours as dear enemies and achieving stable relationships allow males to invest in territory defence only against more threatening individuals, that is, unfamiliar individuals and floaters. In June, at the end of the breeding season, young birds from the first clutch leave the nests at 1 week, learn to fly at 2 weeks and are aggressively expelled from their natal territory by their parents at 1 month (Delius 1963; Donald 2004) . The continuous crossing of the established boundaries by young birds or by parents trying to feed their young in neighbouring territories (Delius 1963 ) may lower the threshold of the resident's reactivity towards territory intrusion by neighbours and thus destabilize the relationships between adults. The signification of the 'group signature' is thus modified according to the relative threat presented by the neighbours from a meaning of 'dear enemies' to 'nontrustable familiars'. Temporary changes in the social situation seem to be disruptive to the dear enemy effect, which appears to be flexible or 'plastic' rather than a fixed pattern characteristic of the relationship between neighbours (Leiser 2003) .
Nevertheless, the explanations according to the four sets of hypotheses are not mutually exclusive. At the very beginning of the season, it is most probable that residents will react with the same intensity to all categories of intruders because they are not familiar with their neighbours, because of their female's high sexual receptiveness, and/or because the territory boundaries are not well established. After a period of learning and memorization of cues necessary for identifying their neighbours, however, residents may distinguish neighbours from strangers and establish dear enemy relationships. Such a learning period might be short if one assumes that skylarks have comparable memorization capacities as hooded warblers, Wilsonia citrina, which remember their neighbours' songs from one year to the next (Godard 1991) . At the end of the season, the numerous crossing of the territory boundaries by young birds or by their parents may lower the threshold of territorial response. As a consequence, it is likely that residents then discriminate between intruders, but react strongly to any kind of intruders including neighbours.
To conclude, we have shown that neighbours are not dear enemies throughout the breeding season. In our study, the dear enemy effect seemed to be absent during important flux in territorial boundaries. Thus, in territorial songbirds, accepting neighbours as dear enemies is a conditional strategy that is established over time, as boundaries become more secure and neighbours more familiar, and that can be broken up by changes in the social situation leading to boundary instabilities.
